. This motif is not conserved in a-MPP. An unrooted tree depicting possibIe evolutionary relationships between known members of the pitrilysin/insulinase farnily of endoproteases is shown in figure IA . It has to be noted, however, that the phylogenetic ana1ysis of this protease farnily is complicated by the fact that the most distantly related proteins belonging to this farnily share arnino acid sequence similarity only in the regions containing their zinc-binding motifs (data not shown).
Interestingly, three genes for proteins of the pitrilysin/insulinase farnily (i.e., YhwN, Ymffi, and YmxG), containing the zinc-binding motif which is characteristic for active proteases, were identified by sequencing of the genome of the eubacterium Bacillus subtilis (Kunst et a1. 1997) . One of these proteins, YmxG, is highly sirnilar to rnitochondrial MPPs, sharing 51% identical residues or conservative replacements over its entire length of 409 residues with ~-MPP of the potato (Chen et a1. 1993 ; GenBank accession number U27560). Therefore, we renamed this MPP-like protein MlpA. Notab1y, MlpA of B. subtilis shares a high degree of sirnilarity with MPP-like proteins from the parasitic eubacteria Mycobacterium leprae, Mycobacterium tuberculosis, and R. prowazekii (52%-59% identica1 residues or conservative replacements). The potentia1 phylogenetic relationship between the known MPP and MlpA proteins is shown in figure 1B . Even though the latter 10 proteins show significant arnino acid sequence similarity (data not shown) and a strongly supported relationship, it has to be noted that the arnino acid composition of some of the corresponding sequences did not pass the 5%-X2 test that we used to deterrnine whether the arnino acid composition of each sequence is identical to the average arnino acid composition of the whole alignment. Therefore, the outcome of the present phylogenetic analysis must be regarded as a tentative result that awaits the availability of information on conserved structural features in MPP and MlpA proteins (e.g., homologous a helices and ~ sheets) for further improvement.
The recent sequencing of the genome of Rickettsia prowazekii, a eubacterium that is more closely related to mitochondria than to any other known prokaryote, has provided exciting new insights into the evolution of mitochondria and their genomes (Andersson et al. 1998) . Consistent with the endosymbiont hypothesis (Gray et a1. 1989; Gray 1993; Yang et al. 1985) , many mitochondrial proteins appear to be functiona1ly conserved in R. prowazekii and other eubacteria. An important exception concerns the proteins which make up the machinery for the import of mitochondrial proteins from the cytosol. In this study, we addressed the function of a eubacterial homolog of mitochondrial processing peptidases (MPPs), which remove targeting signals from proteins imported into the mitochondrial matrix compartment.
Most mitochondria1 proteins are encoded by nuclear DNA and synthesized in the cytosol. Hence, they have to be imported into mitochondria, for which purpose they are synthesized with an arnino-termina1 targeting (pre-)sequence. After translocation into the mitochondria1 matrix. the presequence is removed by MPP (Brunner, Klaus, and Neupert 1994) . MPP consists of two nonidentica1 but homologous subunits, designated a-MPP and ~-MPp, which were identified in the mitochondria of several organisms (Braun and Schmitz 1995) . Only the ~ subunit has cata1ytic activity (Arretz et al. 1994 ). All known MPP proteins belong to the socalled pitrilysin, or insulinase, farnily of endoproteases (Barret, Rawlings, and Woesner 1998) . This farnily includes (1) Escherichia coli pitrilysin, a periplasmic protease involved in the degradation of small peptides; (2) insulinases from mammals and insects; (3) the PqqF protein from Klebsiella, involved in biosynthesis of the coenzyme PQQ; and (4) the N-arginine dibasic convertase from the rat. All cata1ytically active members of the pitrilysin farnily contain the motif His-x-x-Glu-His-x76-Glu, in which the two histidine residues and the C-terminal glutarnate are required for the binding of zinc In contrast to mycobacteria and R. prowazekii, B. subtilis is highly amenable to genetic analyses. Thus, the identification of the mlpA gene of B. subtilis offered the exciting possibility to investigate the function of the MlpA protein of this organism in particular, and the evolution of the function of MPP-like proteins in general. For this purpose, the mlpA gene of B. subtilis was disrupted with a kanamycin resistance marker, resulting in a truncation of the MlpA protein at residue 214. Using the mlpA mutant strain (.1mlpA), it was shown that ) was disrupted with a kanarnycin resistance marker, making use of a unique StuI site as previous1y described (Bolhuis et a1. 1996) . Ce11s of the resu1ting strain, denoted B. subtilis lpA, or ce11s of the parenta1 strain (wt) were grown overnight in Schaeffer's sporu1ation medium (SSM medium; Schaeffer, Millet, and Aubert 1965) . Protease activity in the growth medium was visua1ized by spotting sarnp1es of 50 ~1 in we11s on agarose-skim mi1k plates (1% agarose, 1 % skim milk, 50 mM Tris-HCI [pH 8], and 4 mM CaCI2) and incubating at 37°C for I h. The ha1o size reflects the levelof proteolytic activity in the medium. Protease activities (expressed as absorbance changes at 440 nm/h) in the absence (no addition, NA), or presence of 1 mM phenylmethanesulphonyl fluoride (PMSF) or 10 mM EDTA were deterrnined with azocasein (Sigma). For this purpose, 250 ~I growth medium was mixed with 150 ~I 2% azocasein suspension in 50 mM Tris-HCI (pH 7.5) and 4 mM CaCI2, and after 60 min at 25°C, the reaction was stopped by addition of 1.2 m1 10% TCA. Next, the sarnples were centrifuged, and absorbance changes (440 nm) of the supernatant were deterrnined. B, Western blotting ana1ysis of the secretion of subtilisin (AprE) and neutra1 protease (NprE) by ~mlpA cells. Cells were grown overnight in SSM medium. AprE and NprE in the growth medium were detected by SDS-polyacrylamide gel electrophoresis, blotting, and immunodetection with specific antibodies, as described priviously (Bolhuis et al. 1996) . C, To analyze aprE transcription, the transcriptional aprE-lacZ gene fusion of B. subtilis BG4057 (Henner et a1. 1988 ) was introduced in B. subtilis 1012 and ~mlpA. Cells of the resulting strains, denoted B. subtilis 1012 aprE-lacZ (.) and ~lpA aprElacZ (...) were grown in SSM medium, and sarnples were taken at hourly interva1s for optica1 density (OD) readings at 600 nm and J3-galactosidase activity deterrninations (Bolhuis et a1. 1996) . Zero time (t = 0) indicates the transition point between the exponentia1 and.the postexponentia1 growth phases. D, To ana1yze mlpA transcription, a transcriptiona1 mlpA-lacZ fusion was introduced in B. subtilis 1012. For this purpose, a 567-bp fragment containing the ribosome-binding site and start codon of the mlpA gene was arnplified by PCR with the primers AB04mpp (aagaattc-CGAGCAGCTCGACAAGAC; nucleotides identica1 to genomic template DNA are in capita1 letters, and restriction sites used for cloning-are underlined) and AB05mpp (ttggatccGATTCTGCTATCTCGCGT).
The arnplified fragment was cloned in front of the promoterless lacZ gene of plasmid pLGW300 (van Sindereïïët a1. 1990) , and the resulting plasmid (pLGM301) was integrated by single-crossover recombination into the mlpA gene on the chromosome of B. subtilis 1012. The resulting strain was denoted B. subtilis 1012::pLGM301. Cells of this strain were used to ana1yze transcription of mlpA-lacZ as described in C. 
